The development of attenuated or inactivated vaccines for rubella infection requires tissue culture or animal systems capable of detecting virus concentrations at minimal levels. Whether it be the safety testing of a killed vaccine or stability assays of attenuated virus, it is essential that a detection system be available wherein the sensitivity is as close as possible to that of the human threshold of infection. Although there are numerous individual reports describing the growth of rubella virus (RV) in a variety of cell cultures, it is difficult to establish meaningful comparisons of their sensitivity because of the use of different virus strains, media, etc. With this objective in mind, we investigated the sensitivity of 19 different primary and serial cell systems to RV by using a uniform set of cultivation and titration procedures. The was given three additional passages in our laboratory to increase the volume and was stored at -70 C with a sucrose-gelatin stabilizer. The titer of the standardized lot was 104 5 50% interference dose (INDr6) per ml. Rubella high-passage virus (HPV) was "modified" RV (Parkman) obtained from the Division of Biologics Standards, National Insitutites of Health, as the 77th passage level in AGMK. Two passages were made to obtain a volume of virus with a titer of 104'6 INDIo/ml. The Chavny strain of RV was received from T. Weller, Harvard University, and was passaged 22 times in AGMK and titered 104.0 IND5o/ml. Coxsackievirus A-9 and VSV (Indiana) were obtained from the American Type Culture Collection. They were used as the 2nd to 4th passage in AGMK, with titers of 106.5 to 1070/ml for both agents.
Tissue cultivation and media. To prepare primary tissue culture, tissues were minced, trypsinized, centrifuged, and resuspended at 106 viable cells per ml in a growth medium consisting of equal parts of 0.5% lactalbumin hydrolysate in Hanks salt solution and medium 199 enriched with 10% fetal calf serum. Confluent monolayers in tube culture were maintained with Basal Medium (Eagle) with Earle salt solution containing 2% fetal calf serum. AGMK monolayers had the same maintenance medium plus 0.2% antiserum to simian virus 5. Passage and maintenance of the established cell lines in serial culture were carried out in accordance with conventional techniques.
Virus assay methods. For titration of RV in various tissue culture systems, serial 10-fold dilutions of virus were inoculated in 0.1-ml amounts into each of five Leighton culture tubes containing 1.5 ml of medium (no added calf serum). After 7 days of incubation at 35 C, fluids were harvested and pooled according to the dilution. These pools were then tested for the presence or absence of RV by interference in AGMK, by using five tubes per dilution, incubation for 8 days, and challenge with 100 to 300 TCID50 of coxsackievirus A-9. Thus, the AGMK tissue culture acted only as an "indicator system." Cytological changes in infected monolayers were observed on cover slips from Leighton tube cultures stained with May-Grunwald Giemsa before examination. Direct titration of RV in guinea pig tissue culture. Tube cultures of kidney monolayers from adult animals were inoculated with serial virus dilutions exactly as for titration in AGMK. After 8 days of incubation at 35 C, the tubes were challenged with approximately 300 TCID50 of VSV. They were read after 24 to 48 hr, when VSV control cultures usually showed 3+ to 4+ cytopathic effects (CPE). Tubes showing no VSV lesions were considered to be positive for RV.
RV yield in different cell hosts. To compare the yield of RV in various tissue culture systems, the growth media were poured off the vessels and the monolayers were then infected with 3,000 TCID50 of RV. After incubation at room temperature for 1 hr to permit virus adsorption, cultures were fed with maintenance medium and incubated at 35 C. Usually 7 days later, the supernatant fluids were harvested and titrated by the coxsackievirus A-9 interference technique in AGMK cells.
RESULTS
The standard pool of the Gilchrist strain of RV was titrated in the group of 15 primary and secondary human and animal cell cultures shown in Table 1 . When the supernatant fluids from each dilution of these titrations were removed after 1 week of incubation and again inoculated into monkey kidney cells, the titers shown in the right hand column were obtained. Primary guinea pig tissues, a serial passage of baby hamster kidney, and primary human amnion were comparable to AGMK in their susceptibility. A variety of primary or serial human, ferret, hamster, rabbit, mouse, dog, and avian tissues were less susceptible. It was of interest that primary human kidney, primary human thyroid, and the AV3 heteroploid line of human amnion were relatively insusceptible to this strain of "primate-adapted" RV.
The yield of RV in various cell systems was also determined (Table 2) . Essentially the same size of inoculum was used and the incubation periods ranged between 1 and 2 weeks. Titers of fluids from these passages agreed with the sensitivity of the particular tissue involved as determined by titration (Table 1) . Hamster kidney serial lines proved to be an extraordinary substrate for producing high-titered RV, although they were no more sensitive to infection than AGMK.
The yields of both the Gilchrist (nonattenuated) In earlier studies with guinea pigs and the highly susceptible ferret, a comparison was made of susceptibility of adult and embryonic tissues. RV could be readily isolated from the embryonic tissues of pregnant ferrets 1 week after intravenous, but not subcutaneous, inoculation of 1,000 TCID50 of RV. Guinea pig embryos were less susceptible, and adult tissues in two of five animals contained RV when it was absent from the fetus. This agreed with tissue culture studies, in which it was found that primary cell monolayers prepared from adult ferrets or guinea pigs were somewhat more susceptible to RV infection than embryonic tissues from these species (Table  3) . In each instance, the tissues were prepared in the same fashion, simultaneously infected with the same pool of RV, and incubated for 7 days. There was a difference of between 0.5 and 2 log dilutions in the sensitivity of adult and embryonic tissues to either the Gilchrist or the more attenuated HPV strain.
Because of their low cost and availability, cultures of guinea pig kidney were compared with AGMK and a serial line of baby hamster kidney cells for this isolation of RV from throat swabs obtained during the course of clinical rubella in children. The results on a small number of swabs, each diluted with 2 ml of medium, are shown in Table 4 . These findings suggest that primary monolayers of guinea pig kidney or guinea pig lung could be used for the isolation of RV from clinical materials, since they are comparable to AGMK in their sensitivity. These data also demonstrate the importance of "blind passage" for successful detection of RV in specimens from human cases.
A technique whereby the amount of virus in RV-infected guinea pig cells can be measured without a secondary titration in AGMK was developed on the basis of the observation that RV interferes with the multiplication of a cytopathic strain of VSV. Because VSV grows rapidly, it was possible to read a rubella titration within 1 to 2 days after its addition to guinea pig tissue culture, which had been infected with RV approximately 5 to 7 days earlier. of an animal host to viral infection and the susceptibility of cell cultures derived from its tissues.
